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ABSTRACT 
13328 

The vacuum uv p h o t o l y s i s  of C02 c o n t a i n i n g  i n i t i a l l y  no oxygen was 
i n v e s t i g a t e d  i n  a c l o s e d  system and t h e  quantum y i e l d s  of ozone and oxygen 
determined.  The quantum y i e l d  f o r  ozone product ion  was found t o  b e  below 
Q(03)<0.03, which i s  i n s u f f i c i e n t  t o  e x p l a i n  t h e  oxygen d e f i c i e n c y  observed 
i n  t h e  02 quantum y i e l d s .  The (02 ) / (CO)  r a t i o  was found t o  depend on t h e  
l i g h t  i n t e n s i t y ;  on t h e  t i m e  i n t e r v a l  a f t e r  which an i r r a d i a t e d  sample was 
s u b j e c t e d  t o  a n a l y s i s ;  and on the r a t i o  of carbon d i o x i d e  t o  admixed r a r e  
gas  c o n c e n t r a t i o n .  The r e s u l t s  concerning t h e  ( 0 2 ) / ( C O )  r a t i o  can be ex- 
p l a i n e d  by t h e  format ion  of CO? due t o  t h e  a t tachment  of I D  oxygen atoms, 
t o  C02. 
of ID oxygen atoms. 

This  r e a c t i o n  i s  i n  compet i t ion  w i t h  t h e  t h i r d  body recombina t ion  
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INTRODUCTION 

c Carbon monoxide and oxygen a r e  w e l l  e s t a b l i s h e d  p r o d u c t s  a r i s i n g  from 
t h e  photodecomposition of C02 i n  the 1200 - 170012 wavelengths  r e g i o n  [ 1 , 2 ,  
31’; Carbon monoxide format ion  i s  known t o  proceed wi th  a quantum y i e l d  of 
u n i t y  [ 4 ]  - i n  accordance w i t h  t h e  view t h a t  p h o t o d i s s o c i a t i o n  c o n s t i t u t e s  
t h e  major primary process  [51 - b u t  t h e  02 quantum y i e l d  appears  t o  be a 
v a r i a b l e  depending on t h e  imposed experimental  c o n d i t i o n s .  I f  t h e  02 quan- 
tum y i e l d  i s  expressed  i n  terms of t h e  r a t i o  R = (02)/(CO), t h e  d a t a  ob- 
t a i n e d  by Mahan [ 2 ]  and b e f o r e  him by Wijnen [3] show t h i s  r a t i o  t o  b e  i n  
t h e  v i c i n i t y  of R = 0.1 ,  w h i l e  Schiff  [ 6 ]  and t h e  p r e s e n t  a u t h o r  [ l ]  found 
R = 0 . 3 .  
s m a l l e r  t h a n  t h e  t h e o r e t i c a l  v a l u e  R = 0.5  which should  be expected i f  
oxygen and carbon monoxide were the  s o l e  p r o d u c t s .  The e x i s t i n g  lack  of 
m a t e r i a l  b a l a n c e  obvious ly  p o i n t s  t o  t h e  e v o l u t i o n  of one o r  more a d d i t i o n a l  
p r o d u c t s  and two s u g g e s t i o n s  have been made i n  t h i s  r e s p e c t :  (1) t h a t  ozone  
i s  a p r o d u c t ,  and (2) t h a t  t h e  format ion  of CO3 should  b e  cons idered .  
dence f o r  t h e  format ion  of  ozone was o b t a i n e d  by Mahan b u t  no q u a n t i t a t i v e  
d a t a  was taken .  The f low experiments d e s c r i b e d  i n  I showed ozone product ion  
t o  b e  n e g l i g i b l e  when pure C02 was employed, a l t h o u g h  a p p r e c i a b l e  q u a n t i t i e s  
of ozone were observed when oxygen was p r e s e n t  i n  s m a l l  amounts. The sug- 
g e s t i o n  of C 0 3  format ion ,  on t h e  o ther  hand, was advanced by F. S. Dainton [ 7 ]  
on account  of p h o t o l y s i s  experiments under taken  i n  comparison wi th  t h e  
r a d i o l y s i s  of C 0 2 .  
w i t h  ozone and oxygen a s  p r o d u c t s ,  an oxygen d e f i c i e n c y  was observed i n  t h e  
p h o t o l y s i s  of C02 w i t h  ozone b e i n g  conspicuous ly  a b s e n t .  The d i f f e r e n c e  i n  
behavior  i n  t h e  two types  of experiments i s  expla ined  on t h e  b a s i s  t h a t  t h e  
oxygen atoms produced i n  t h e  r a d i a t i o n  chemical  c a s e  a r e  i n  t h e  3P ground 
s t a t e ,  whereas t h e  p h o t o l y s i s  of C02 produces oxygen atoms i n  t h e  m e t a s t a b l e  
’D s t a t e .  

It i s  s i g n i f i c a n t  t h a t  the r e p o r t e d  (02)/(CO) r a t i o s  a r e  much 

Evi- 

While t h e  r a d i o l y s i s  experiments  gave a m a t e r i a l  ba lance  

I n  view of t h i s  s i t u a t i o n ,  then, t h e r e  a r o s e  t h e  need t o  r e - i n v e s t i g a t e  
& t h e  e x t e n t  of ozone format ion  , in  the vacuum uv p h o t o l y s i s  of C02, and t o  

s t u d y  t h e  (02)LnC0) r a t i o  a s  a f u n c t i o n  of v a r i o u s  exper imenta l  parameters .  
I n  t h e  p r e s e n t  work, t h e  amount of ozone format ion  was found i n s u f f i c i e n t  
t o  account  f o r  t h e  oxygen d e f i c i e n c y  r e f l e c t e d  i n  t h e  02 quantum y i e l d s .  
The (02)/(CO) r a t i o  was determined t o  depend on t h e  l i g h t  i n t e n s i t y ;  on t h e  
t i m e  i n t e r v a l  a f t e r  which an  i r r a d i a t e d  sample was s u b j e c t e d  t o  a n a l y s i s ;  
and on t h e  r a t i o  of carbon d i o x i d e  t o  admixed r a r e  gas  c o n c e n t r a t i o n .  The 
r c s u l t s  a r e  shown t o  3e c o n s i s t e n t  with t h e  assiiiiiption t h a t  an i i m t a b l e  
a d d i t i o n  compound, namely C 0 3 ,  i s  formed by a t tachment  of I D  oxygen atoms 
t o  carbon d i o x i d e .  

.- 
“Numbers i n  [ ] throughout  t e x t  i n d i c a t e  r e f e r e n c e  numbers. 
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EXPERIMENTAL RESULTS 

c The exper imenta l  arrangement has been d e s c r i b e d  i n  I. The p r e s e n t  
exper iments  were c a r r i e d  o u t  employing t h e  c l o s e d  system i n  c o n j u n c t i o n  
w i t h  t h e  hydrogen l i g h t  s o u r c e ,  t h e  r a d i a t i o n  b e i n g  passed through a BaF2 
window. The amount of CO format ion  was u t i l i z e d  a s  an  i n t e r n a l  a c t i n o m e t e r .  
A s  b e f o r e ,  t h e  gas  was c i r c u l a t e d  by means of a r o t a t i n g  s t i r r e r  i n  o r d e r  
t o  avoid  product  accumulat ion i n  the v i c i n i t y  of t h e  window. 
ana lyzed  mass s p e c t r o m e t r i c a l l y  using t h e  procedure p r e v i o u s l y  o u t l i n e d .  
The p u r i f i c a t i o n  of C02 h a s  a l s o  been d e s c r i b e d .  

Samples were 

Ozone Formation 

Ozone appeared t o  b e  one of the conce ivable  products .  I n  o r d e r  t o  
de te rmine  t h e  e x t e n t  of ozone formation i n  t h e  experiments  employing t h e  
c l o s e d  system, a number of runs  were performed a f t e r  which t h e  i r r a d i a t e d  
gas was swept i n t o  a 2% potass ium i o d i d e  s o l u t i o n  u s i n g  hel ium a s  a c a r r i e r  
gas .  T y p i c a l l y ,  i n  t h e s e  experiments ,  t h e  gas  was i r r a d i a t e d  w i t h  an  i n -  
t e n s i t y  of about  3 x 1015 quanta/sec over  a per iod  of 15 minutes .  No i n -  
d i c a t i o n  f o r  i o d i n e  format ion  could b e  o b t a i n e d  under t h e s e  c o n d i t i o n s  
even u s i n g  s t a r c h  a s  an  i n d i c a t o r .  An upper l i m i t  t o  t h e  ozone quantum 
y i e l d  can  be p laced  a t  Q(03)<0.03 on t h e  b a s i s  of comparison experiments  
i n  which a f low of oxygen was i r r a d i a t e d  w i t h  known l i g h t  i n t e n s i t y .  This  
a g r e e s  w i t h  t h e  r e s u l t s  o b t a i n e d  e a r l i e r  i n  t h e  f low system and a l s o  w i t h  
t h e  f i n d i n g s  r e p o r t e d  by Dainton [ 7 ] .  It i s  a l s o  e v i d e n t  t h a t  ozone f o r -  
mat ion cannot  account  f o r  t h e  observed oxygen d e f i c i e n c y ,  s o  t h a t  t h e  
format ion  of C03 appears  t o  provide t h e  most promising a l t e r n a t i v e  expla-  
n a t i o n .  Although i n  t h e  p r e s e n t  work i t  h a s  n o t  been p o s s i b l e  t o  d e t e c t  
C03 a n a l y t i c a l l y ,  i t  w i l l  be  shown subsequent ly  t h a t  t h e  behavior  of t h e  
(02) / (CO)  r a t i o  i s  c o n s i s t e n t  wi th  t h e  h y p o t h e s i s  of C03 format ion .  

V a r i a t i o n  of R with L i g h t  I n t e n s i t y  

The d iscrepancy  among t h e  (02 ) / (CO)  r a t i o s  found i n  s e v e r a l  independent  
i n v e s t i g a t i o n s  l e d  t o  t h e  b e l i e f  t h a t  R i s  a f u n c t i o n  of t h e  l i g h t  i n t e n s i t y  
and t h i s  has  been s u b s t a n t i a t e d  i n  experiments  c a r r i e d  o u t  a t  a t i m s p h e r i c  
p r e s s u r e .  F igure  1 shows t h e  r e s u l t s  f o r  a ser ies  of r u n s  i n  which t h e  
i r r a d i a t i o n  p e r i o d  was t e n  minutes .  Also e n t e r e d  i n  t h i s  f i g u r e  a r e  v a l u e s  
d e r i v e d  from t h e  d a t a  by Mahan [ 2 ]  and by Wijnen [ 3 ] .  Thei r  r e s u l t s  f o r  
14708 r a d i a t i o n  can b e  seen  t o  f i t  i n t o  an  e x t r a p o l a t i o n  of t h e  p r e s e n t  
d a t a  b u t  t h e  v a l u e  d e r i v e d  f o r  12368 k r y p t o n  r a d i a t i o n  appears  t o  b e  t o o  
low. The r e a s o n  f o r  t h i s  discrepancy i s  n o t  a p p a r e n t .  The g e n e r a l  behavior  
e x h i b i t e d  by R i n  F igure  1 i s  c h a r a c t e r i s t i c  of photochemical systems i n  
which a r a d i c a l  recombinat ion r e a c t i o n  o c c u r s  i n  compet i t ion  w i t h  a n o t h e r  
r e a c t i o n ,  i t s  r a t e  i n v o l v i n g  t h e  r a d i c a l  c o n c e n t r a t i o n  i n  a l i n e a r  f a s h i o n .  

3 
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Accordingly ,  s i n c e  oxygen atoms are  t h e  known i n t e r m e d i a t e s  i n  t h e  photo l -  
y s i s  of CO2, t h e  observed i n t e n s i t y  dependence of R can be taken  a s  evidence 
t h a t  a s i g n i f i c a n t  p o r t i o n  of t h e  evolved 0 2  i s  formed by way of atom 
recombina t ion .  

Time Dependence of R 

I n  t h e  course  of t h e  p r e s e n t  experiments  i t  was n o t i c e d  t h a t  t h e  
(02)/(CO) r a t i o  i n c r e a s e d  whenever t h e  i r r a d i a t i o n  of a sample was n o t  
immediately fol lowed up by a n a l y s i s .  
t i m e  dependence of R which i s  shown i n  F igure  2 .  
lyzed  f o r  10 minutes ,  b u t  t h e  i r r a d i a t e d  gas  was k e p t  i n  t h e  r e a c t o r  f o r  
a d d i t i o n a l  p e r i o d s  of t i m e  a f t e r  the l i g h t  s o u r c e  had been switched o f f .  
A s  F i g u r e  2 demonst ra tes ,  t h e  (02)/(CO) r a t i o  s t e a d i l y  i n c r e a s e s  w i t h  t i m e  
u i i t i l  a v a l u e  of R = 0.42 i s  reached a f t e r  GO ininutes.  This  i s  a l r e a d y  
c l o s e  t o  t h e  t h e o r e t i c a l  v a l u e  of R = 0 .5 ,  i n d i c a t i n g  t h a t  an  u n s t a b l e  
product  (presumably CO3) i s  formed r e l e a s i n g  oxygen i n  t h e  process  of de- 
composi t ion.  I n  an  a t t e m p t  t o  i s o l a t e  t h i s  product  a sample of i r r a d i a t e d  
CO2 was s u b j e c t e d  t o  d r y  i c e  temperature .  No conspicuous d e p o s i t  occur red  
A f t e r  pumping o f f  t h e  v o l a t i l e  components, t h e  d r y  ice  - a c e t o n e  b a t h  was 
removed and s u f f i c i e n t  t i m e  allowed f o r  t h e  decomposition of any remaining 
u n s t a b l e  m a t e r i a l .  No oxygen, and o n l y  n e g l i g i b l e  amounts of C02 could  be 
d e t e c t e d  i n  a subsequent  mass s p e c t r o m e t r i c  a n a l y s i s .  

This  l e d  t o  an  i n v e s t i g a t i o n  of t h e  
A s  u s u a l ,  C02 was photo- 

E f f e c t  of Added Rare Gas 
P 

Support  f o r  t h e  occurrence  of a r e a c t i o n  between oxygen atoms ( i n  t h e  
I D  s t a t e )  and CO2 h a s  come from a se r ies  of i r r a d i a t i o n  experiments  i n  which 
he l ium was added a s  a n  i n e r t  c o n s t i t u e n t .  Helium, t h e  l i g h t e s t  of t h e  r a r e  
g a s e s  was used i n  p r e f e r e n c e  \o o t h e r s  i n  o r d e r  t o  avoid a l a r g e  s c a l e  de- 
a c t i v a t i o n  of t h e  m e t a s t a b l e  e x c i t e d  oxygen atoms. The o n l y  a c t i v i t y  t h a t  
he l ium can e n t e r  i s  t o  a i d  oxygen atom recombinat ion a s  a t h i r d  body, w h i l e  
t h e  r e a c t i o n  of oxygen atoms w i t h  C02 remains uninf luenced .  With b o t h  r e a c -  
t i o n s  i n  c o m p e t i t i o n ,  a l a r g e  excess  of he l ium is  expected t o  promote t h e  
recombina t ion  r e a c t i o n  r e l a t i v e  t o  t h a t  of carbon d i o x i d e .  Correspondingly,  
t h e  (02)/(CO) r a t i o  i s  expec ted  t o  i n c r e a s e .  I n  t h e  p r e s e n t  experiments  
t h e  CO2 p a r t i a l  p r e s s m e  vas k e p t  a t  22 FD Hg so t h a t  t h e  amcunt of l i g h t  
d e p o s i t i o n  w i t h i n  a c e r t a i n  volume of t h e  r e a c t o r  was n o t  s u b j e c t  t o  v a r i -  
a t i o n .  
wavelengths ,  t h e  p e n e t r a t i o n  of r a d i a t i o n  under t h e s e  c o n d i t i o n s  i s  appre-  
c i a b l e ,  a depth o f  1 4  cm be ing  reached a t  t h e  p o i n t  where 90% of t h e  i n c i -  
d e n t  r a d i a t i o n  i s  absorbed.  Af te r  a d d i t i o n  of v a r i o u s  amounts of he l ium 
t h e  m i x t u r e s  were i r r a d i a t e d  f o r  15 o r  20 minutes  w i t h  approximate ly  con- 
s t a n t  l i g h t  i n t e n s i t y .  
i n  a p l o t  v e r s u s  (He)/(C02). 
i n c r e a s i n g  he l ium c o n c e n t r a t i o n ,  thus s t r e n g t h e n i n g  t h e  arguments advoca t ing  

Owing t o  t h e  low a b s o r p t i o n  c r o s s  s e c t i o n  of C02 a t  t h e  a p p l i e d  

The measured (02)/(CO) r a t i o s  a r e  shown i n  F igure  3 
The d a t a  r e v e a l  indeed an  i n c r e a s e  of R w i t h  

5 
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C 0 3  format ion .  
was observed i n  exper iments  employing pure  C02.  
wi th  t h e  suggested mechanism of two competing r e a c t i o n s ,  s i n c e  i n  t h i s  
c a s e  C 0 2  i s  a l s o  f u n c t i o n i n g  a s  t h e  a c t i n g  t h i r d  body i n  t h e  recombina t ion  
r e a c t i o n .  
u c t  b e s i d e s  02 and CO can  account  f o r  a l l  t h e  f a c t s  a s s o c i a t e d  wi th  CO2 
p h o t o l y s i s ,  and t h i s  w i l l  be r e f l e c t e d  a l s o  i n  t h e  a n a l y t i c a l  t r ea tmen t  of 
t h e  r e s u l t s  i n  the  nex t  s e c t i o n .  

It i s  i n t e r e s t i n g  t o  no te  t h a t  p r e v i o u s l y  no p r e s s u r e  e f f e c t  
This  i s  a g a i n  i n  acco rd  

Accordingly,  i t  appea r s  t h a t  t h e  assumption of  C 0 3  be ing  a prod- 

8 



DISCUSSION 

.- 

I- 

I n  d i s c u s s i n g  t h e  r e s u l t s  i t  should be k e p t  i n  mind t h a t  t h e  oxygen 
atoms produced by p h o t o d i s s o c i a t i o n  of carbon d i o x i d e  a r e  i n  t h e  e x c i t e d  
m e t a s t a b l e  ID s t a t e  and t h a t ,  i n  t h e  p r e s e n t  system, c o l l i s i o n a l  d e a c t i v a -  
t i o n  i s  r e l a t i v e l y  unimpor tan t .  
oxygen atoms undergo a n  exchange r e a c t i o n  w i t h  C02 w h i l e  oxygen atoms i n  
t h e  3P ground s t a t e  do n o t .  
count  f o r  t h e  format ion  of C03 i n  the  c a s e  t h a t  ID oxygen atoms a r e  involved .  
I n  f a c t ,  Katak is  and Taube p o s t u l a t e d  C03 a s  an i n t e r m e d i a t e  i n  t h e  observed 
i s o t o p e  exchange. 

Katakis  and Taube [ 8 ]  have shown t h a t  l D  

This  d i f f e r e n c e  i n  hemical  behavior  can ac-  

Accordingly,  t h e  p r e s e n t  r e s u l t s  can be i n t e r p r e t e d  i n  terms of t h e  
f o l l o w i n g  s imple mechanism i n v o l v i n g  oxygen atoms i n  t h e  m e t a s t a b l e  'D 
s t a t e  

h v  

k ,  

co2 - co + 0 

1 

2 20 + co2 - o2 + co 

% 

k2 
c03 0 + co2- 

20 + He - 0 + H e  
2 

co3- k 3  co + fo, 
2 

The thermal  decomposi t ion of C03 is  here assumed t o  f o l l o w  f i r s t  o r d e r  
k i n e t i c s .  From t h e  d a t a  shown i n  Figure 2 ,  t h e  room tempera ture  r a t e  
c o n s t a n t  can be e s t i m a t e d  t o  be k = 5 x 1 0 - 4 ~ e c - ~ ,  which i s  s u f f i c i e n t l y  
s m a l l  t o  make t h i s  r e a c t i o n  n e g l i g i b l e  f o r  i r r a d i a t i o n  times below about  
10 minutes .  For i r r a d i a t i o n  p e r i o d s  up t o  20 minutes  a s  t h e y  were used i n  
t h e  experiments  w i t h  he l ium admixture ,  t h e  e f f e c t  of t h e  decomposition r e a c -  
t i o n  can be taken  i n t o  account  by c o r r e c t i v e  terms. The assumption t h a t  
s t e a d y  s t a t e  c o n d i t i o n s  a r e  a p p l i c a b l e  f o r  oxygen atoms l e a d s  t o  t h e  f o l l o w i n g  
s e t  of e q u a t i o n s  

v = 2k,(0)2(C02) [ l  t E(He)/(C02)1 + k2(0)(C02). 

Here, I i s  t h e  a p p l i e d  r a d i a t i o n  i n t e n s i t y  d e p o s i t e d  w i t h i n  t h e  volume V 
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and E i s  the  e f f i c i e n c y  of hel ium a s  a t h i r d  body compared w i t h  C 0 2 .  
by v i r t u e  of t h e  mass b a l a n c e  r e l a t i o n  and R = (02)/(CO) 

Also ,  

The u s e  of  these  f o u r  e q u a t i o n s  makes i t  p o s s i b l e  t o  
of t h e  l i g h t  i n t e n s i t y ,  and of t h e  he l ium and carbon 
f o l l o w i n g  way 

e x p r e s s  R a s  a 
d i o x i d e  r a t i o  , 

[1 
1 - R  1 -k3t  r2 1 - R  €-k3t kll 

1 1-2R - 11 = 2 
= [mJ E - k2V(C02) 

f u n c t i o n  
i n  t h e  

A t rea tment  of t h e  d a t a  o b t a i n e d  i n  t h e  experiments  w i t h  hel ium admix- 
t u r e  i n  terms of t h i s  l a s t  e q u a t i o n  i s  shown i n  F i g u r e  4 .  C o r r e c t i n g  f o r  
t h e  s l i g h t  v a r i a t i o n s  of t h e  l i g h t  i n t e n s i t y ,  t h e  p o i n t s  can be s e e n  t o  
f a l l  on a s t r a i g h t  l i n e  when Y i s  p l o t t e d  v e r s u s  t h e  (He)/(C02) r a t i o .  From 
t h e  s l o p e  of t h e  l i n e  and t h e  i n t e r c e p t  w i t h  t h e  o r d i n a t e  one o b t a i n s  
E = 0.24 ,  i . e . ,  t h e  t h i r d  body e f f i c i e n c y  of carbon d i o x i d e  f o r  oxygen atom 
recombinat ion i s  found t o  b e  about  f o u r  times t h a t  of helium. 

2 The data  shown i n  F igure  4 can a l s o  be e v a l u a t e d  w i t h  r e s p e c t  t o  k l / k 2  
i f  t h e  r e a c t i o n  volume V i s  approximately known. I n  t h e  s e r i e s  of experiments  
having  helium admixed t h e  r e a c t i o n  volume was e s t i m a t e d  from t h e  depth  a t  which 
90% of t h e  r a d i a t i o n  had been absorbed,  and from t h e  known d iameter  of t h e  re- 
a c t o r  (2 cm). The r e s u l t i n g  volume V = 43 cm3 l e a d s  t o  v a l u e  of k l / k g  = 7.8 x 10 
s e c .  Furthermore,  an e s t i m a t e  of k2 can b e  o b t a i n e d  i f  i t  i s  assumed t h a t  t h e  
r a t e  c o n s t a n t  a s s o c i a t e d  w i t h  t h e  recombina t ion  of ‘D oxygen atoms i s  s i m i l a r  
i n  magnitude t o  t h e  one governing t h e  recombina t ion  of 3P ground s t a t e  oxygen 
atoms. This l a t t e r  r a t e  c o n s t a n t  and t h e  a s s o c i a t e d  t h i r d  body e f f i c i e n c i e s  
have been determined by Reeves e t  a l .  , [ 9 ]  and by Morgan and S c h i f f  [ l o ]  , 
e s t a b l i s h i n g  k ~ ( ~ p )  = 4.2 x 10-33cc’molecule2sec f o r  C 0 2  a s  t h e  a c t i n g  t h i r d  
body. k (3P), t h e  r a t e  c o n s t a n t  f o r  
C 0 3  formation i s  e s t i m a t e d  t o  b e  k2 KY 7 x 10-!9cc/molecule s e c .  
be n o t e d  t h a t  due t o  t h e  s q u a r e  r e l a t i o n s h i p  between t h e  two r a t e  c o n s t a n t s  
t h e  u n c e r t a i n t y  concern ing  k l ( l D )  r e s u l t s  i n  an u n c e r t a i n t y  of k2 of o n l y  
h a l f  t h a t  value.  

3 

Accordingly,  i f  one can s e t  kl( lD) 
It should  

The r e s u l t s  o b t a i n e d  f o r  t h e  i n t e n s i t y  v a r i a t i o n  of R (F igure  1 )  can 
b e  s u b j e c t e d  t o  a s i m i l a r  t r e a t m e n t .  An approximate ly  l i n e a r  r e l a t i o n s h i p  
i s  o b t a i n e d  f o r  Y a s  a f u n c t i o n  of i n t e n s i t y ,  w i t h  a s l o p e  of 2.6 x 
From t h e  r e a c t o r  geometry i n  t h e  v i c i n i t y  of t h e  window t h e  e f e c t i v e  re- 
a c t i o n  volume i s  e s t i m a t e d  t o  be V = 1 cm3, r e s u l t i n g  i n  k l / k 2  - 6 . 5  x 103. 
This  i s  i n  good agreement w i t h  t h e  above d e r i v e d  v a l u e ,  i n d i c a t i n g  t h a t  t h e  
employed mechanism can c o r r e c t l y  d e s c r i b e  t h e  a v a i l a b l e  d a t a .  

5 -  

In  view of t h e  o v e r - a l l  r e s u l t s  p r e s e n t e d  i n  t h i s  paper ,  i t  can  now 
be concluded t h a t  t h e  oxygen d e f i c i e n c y  observed i n  t h e  p h o t o l y s i s  of CO2 
can indeed be e x p l a i n e d  by t h e  format ion  of  co3 - owing t o  t h e  a t tachment  

10 



otcc144- 44c 

I I 

- N 

R 

" 
0 

I 
U 

0 
I- 
- 
a a 

E! 

0 

11 



of ID oxygen atoms t o  C 0 2  - b u t  no t  by t h e  assumption of ozone format ion .  
However, s p e c i f i c  proof f o r  t h e  e x i s t e n c e  of C 0 3  by means of i t s  d e t e c t i o n  
i s  p r e s e n t l y  s t i l l  l a c k i n g .  Since i t  had been found by K a t a k i s  and Taube 
t h a t  ground s t a t e  oxygen atoms a r e  u n r e a c t i v e  w i t h  r e s p e c t  t o  carbon d i o x i d e ,  
t h e  p r e s e n t  r e s u l t s  can  a g a i n  s e r v e  t o  demonst ra te  t h a t  t h e  oxygen atoms 
r e s u l t i n g  from C02 p h o t o d i s s o c i a t i o n  a r e  i n  t h e  m e t a s t a b l e  ID s t a t e ,  and 
t h a t  i n  t h i s  chemical system they  p e r s i s t  long enough t o  r e a c t .  

12 . 
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